Oxygen and carbon are important elements in stellar populations. Their behavior refers to the formation history of the stellar populations. C and O abundances would also obviously influence stellar opacities and the overall metal abundance Z. With observed high-quality spectroscopic properties, we construct stellar models with C and O elements, to give more accurate ages for 70 metal-poor dwarfs, which have been determined to be high-α halo, low-α halo and thick-disk stars. Our results show that high-α halo stars are relatively older than low-α halo stars by around 2.0 Gyr. The thick-disk population has an age range between the two halo populations. The age distribution profiles indicate that high-α halo and low-α halo stars match the in situ accretion simulation by Zolotov et al., and the thick-disk stars might be formed in a relatively quiescent and long-lasting process. We also note that stellar ages are very sensitive to O abundance, since the ages clearly increase with increasing [O/Fe] values. Additionally, we obtain several stars with peculiar ages, including 2 young thick-disk stars and 12 stars older than the universe age.
INTRODUCTION
Knowledge of various stellar populations is of utmost importance for understanding the formation and evolution of the Galaxy. The Galactic halo preserves the information of the very early universe. Two classic works presented two types of formation histories for the Galactic halo: Eggen et al. (1962) stated that the halo was formed in the monolithic collapse model, Searle & Zinn (1978) suggested that the halo contains a collapsed inner halo and an outer halo accreted from dwarf galaxies. The origin and structure of the Galactic disk are still debated: whether the disk are constructed by two main structures, i.e. thick disk and thin disk (e.g., Gilmore & Reid 1983; Jurić et al. 2008) , or if there is no distinct thick disk (Bovy et al. 2012) . Large-scale surveys of the Galaxy, such as the LAMOST survey (Deng et al. 2012; Zhao et al. 2012; Liu et al. 2014) , the Sloan Digital Sky Survey (SDSS) (Yanny et al. 2009) , and the Gaia mission (Perryman et al. 2001; Lindegren et al. 2010) help to fully describe the picture of the Galaxy. These surveys provide us high-quality observations to study the Galaxy structure and evolution by tracing the stellar populations.
Stars belonging to one population are thought to be born homologously, and are sharing similar chemical composition and dynamics. Chemical abundances, especially from those of F, G, K dwarfs, are long scaled records of the Galactic chemical evolution. The abundance ratios of oxygen and carbon, as well as α-elements (i.e. Ne, Mg, Si, S, Ca and Ti) are indicators of the stellar birth environment and formation scenarios (e.g., Kobayashi et al. 2006; Ramírez et al. 2012) . The kinematical characters help us to understand the activities of the stars (Bensby et al. 2003) . The chemistry and dynamics are important tools to distinguish different populations. Furthermore, with population ages, the properties of the stellar populations can be understood more comprehensively (e.g., Schuster et al. 2012; Haywood et al. 2013 ; Ramírez et al. 2013; Hawkins et al. 2014) .
The age of a stellar population is a key character to study the structure and evolution process of the population. Many works suggested that the Galactic halo is composed of a complex process with accreted components after the initial collapse (Ibata, Gilmore & Irwin 1994) . Using SDSS low-resolution spectra, Jofré & Weiss (2011) found some stars with bluer colors and younger age than the dominant population of halo stars, and suggested that they may be accreted from external galaxies. With high-resolution spectra, series works, i.e., Nissen & Schuster (2010 and Schuster et al. (2012) , confirmed that two halo populations exist that are distinguished by element abundances, ages, and orbital parameters. Using a sample of F and G dwarfs from low-resolution SDSS spectra, Hawkins et al. (2014) found that the relatively different α-rich and α-poor populations in the Galactic halo have different ages in the metal-rich edge and have identical ages in the metal-poor region. Whether the Galactic disk consists of a thick disk and a thin disk that were formed in different processes is still unclear. Distinguished by stellar ages, Fuhrmann (2008) have found that the old population, which is regarded as thick-disk population, has higher α-enhancement based on the stellar ages. Haywood et al. (2013) distinguished the stellar populations by [α/Fe] and noted that different populations have different age-[α/Fe] profiles. Ramírez et al. (2013) assigned a kinematic probability for the stars to be thin-disk, thick-disk, and halo stars and confirmed that thick-disk stars have relatively higher [O/Fe] and older ages. However, both Haywood et al. (2013) and Ramírez et al. (2013) found some stars with thick-disk features but younger ages, and some stars with thin-disk features but older ages. Maybe, as suggested by Bovy et al. (2012 Bovy et al. ( , 2016 , the Galactic disk has no distinct thick-disk stellar population.
To obtain accurate stellar ages, we need to know the evolution stage of the star by constructing stellar models with adequate input physics and chemical compositions. The metal mixture used in models influences the opacities and overall metallicity Z of the models. One of the most popular metal mixture patterns is the α-enhanced metal mix, which is generally used for the metal-poor stars in the solar neighborhood. The traditional α-enhanced metal mix considered that oxygen has the same enrichment factor as α-elements (e.g., Y 2 isochrones, Yi et al. 2001 , Kim et al. 2002 , Demarque et al. 2004 ; Dartmouth Stellar Evolution Database, Dotter et al. 2008 ; Padova stellar models, Girardi et al. 2000 , Salasnich et al. 2000 , because observed O abundances are not easily available. However, other models consider oxygen behaving differently from α-elements, because C, N, and O elements contribute more to the whole metal mixture. For example, to make a more accurate estimation for the ancient dwarf halo stars, VandenBerg et al. (2014) consider that oxygen has a higher enhancement factor than the α-elements based on observations. To explain the multiple populations in some Globular Clusters, CNO-enhanced models were adopted (e.g., Salaris et al. 2006; Ventura et al. 2009) . From all these works we know that to obtain stellar ages more accurately, we need high-quality atmospheric parameters of the star, especially the chemical compositions.
With high-resolution UVES-FIES spectra, Nissen & Schuster (2010) compiled a sample, hereafter the NS10 sample, that they divided into high-α halo and low-α halo stars using α-elements (i.e., Mg, Si, Ca, and Ti), as well as other elements such as Na, Ni, Cu, Zn, and Ba (Nissen & Schuster 2011) . The NS10 sample also includes some thick-disk stars according to the space velocities of the stars. Schuster et al. (2012) have estimated the age values of the NS10 sample with Y 2 isochrones for stars within the Y 2 range. In addition, the very cool samples (T eff < 5600 K) were estimated with manual corrections. obtained the masses of the NS10 sample after correcting for all the effective temperatures (adding 100 K to the original T eff ). Nissen et al. (2014) presented observed C and O abundances for NS10 sample and additionally included an amount of thick-and thin-disk stars from HARPS-FEROS spectra, called the Nissen14 sample.
With updated and self-consistent atmospheric parameters and C O abundances, we are able to obtain accurate fundamental parameters for the metal-poor populations, i.e., high-α halo, low-α halo, and thick-disk population, from the Nissen14 sample. We use metal mixtures including C and O abundances in stellar models, as well as α-enhanced Y 2 isochrones to estimate stellar parameters. With stellar ages, we assume the probable formation scenarios and evolution process for different populations. In Section 2 we introduce the observation properties of the Nissen14 sample. In Section 3 we construct stellar models and obtain fundamental parameters of our sample stars. In Section 4 we analyze the ages of different stellar populations, explaining the formation and evolution process for each population. We present the conclusions of this work in Section 5. (Adibekyan 2013, their Figure 1 ). The HARPS spectra cover a wavelength range from 3800 to 6900Å with a resolution of R ≃ 115,000 (Mayor et al. 2003) . The FEROS spectra have R ≃ 48,000 and a typical signal-to-noise ratios (S/N) of 200 (Kaufer et al. 1999) . For these stars, photometric values based on HıPPARCOS parallaxes are applied. The typical errors for T eff , log g, and [Fe/H] of stars from the HARPS-FEROS spectra are 30 K, 0.05 dex, and 0.03 dex, respectively.
Most stars of the UVES-FIES sample belong to the halo population, according to the high space velocities with respect to the local standard of rest (V LSR > 180 kms −1 ), but 16 stars have thick-disk kinematics. The halo stars have been determined as high-α and low-α populations using chemical compositions, stellar ages, and orbital parameters. The VLT/UVES spectra have resolutions R ≃ 55,000 and an S/N from 250 to 500. The FIES spectragraph at the Nordic Optical Telescope provide a resolution of R ≃ 40,000 and an S/N ≃ 140-200. The atmospheric properties for UVES-FIES stars are obtained through a spectroscopic method. The typical errors for T eff , log g, and [Fe/H] of stars from UVES-FIES spectra are 35 K, 0.06 dex, and 0.03 dex, respectively.
Oxygen and Carbon Behaviors
The metal-poor populations in the Nissen14 sample, i.e., high-α halo, low-α halo, and thick-disk population, have interesting behaviors for C and O abundances. 
STELLAR MODELS

Metal Mixtures
The metal mixtures are used to construct opacity tables and to modify chemical compositions in stellar models. The high-temperature opacity tables are OPAL opacities constructed online.
1 The low-temperature opacity tables are reconstructed according to observed C and O abundances (Ferguson et al. 2005) . We call our metal mixtures as "CO extreme mix".
Based on the GS98 solar mixture (Grevesse & Sauval 1998) , we construct new metal mixtures by adding enhancement factors to the solar log N values of C, O, and α-elements (i.e., Ne, Mg, Si, S, Ca, and Ti) with stable log N Fe (N i represents the volume density of the element i) in the same way as Ge et al. (2015) . Table 2 .
We did not adopt the α-enhancement directly from observations but made an approximation, because C and O take larger part in metal mixtures than the other elements. In Appendix A.2., we compare estimation parameters from models that have the same C and O abundances, but different α-enhancements. The results indicate that the age differences would be similar or smaller than the estimation uncertainties, which means that the parameter differences estimated by different α-elements can be ignored. 
Input Physics
We compute a grid of evolutionary tracks using the Yale Rotation and Evolution Code (YREC, YREC, Guenther et al. 1992; Yang & Bi 2007; Demarque et al. 2008) , in order to estimate the stellar parameters. The helium abundance obeys the Galactic helium enrichment, which is calibrated by standard solar models, Y = 0.248 + 1.3324Z. The standard big bang nucleosynthesis value used in this equation is 0.248, following Spergel et al. (2007) . The mixing-length parameter α ℓ is fixed to 1.75. The models are calculated using the updated OPAL equation-of-state tables EOS2005 (Rogers & Nayfonov 2002) . According to Jofré & Weiss (2011) , atomic diffusion is necessary in stellar models to estimate age values of the field halo stars, especially the diffusion of helium. Thus all models include gravitational settling of helium and heavy elements using the formulation of Thoul et al. (1994) .
We calculate several evolution tracks that cover the observation constraints for each sample star. The mass range for each star is at 0.6 -1.2 M ⊙ . The mass step of the model grid is 0.01 M ⊙ . The metallicity range is from -1.6 to -0.2 dex, the step is 0.1 dex for models with [Fe/H] < -1.0, and 0.05 dex for those with [Fe/H] > -1.0. The position of the stars in the log g-T eff diagram is shown in Figure 1 .
Parameter Estimation
To estimate fundamental parameters for the sample stars, we select candidate models that fit observation constraints, i.e., log g, T eff , and [Fe/H]. We follow the approach of Basu et al. (2010) and search for the most probable model in a Bayesian sense to determine the fundamental parameters (see also Kallinger et al. 2010) .
With the Bayesian approach, we can identify the overall probability of the model M i with posterior probability I fitting the observations property D with respect to the whole selected models, according to the Bayes theorem,
where
is the uniform prior probability for a specific model with N m being the total number of selected models, and
is the likelihood function. We use T eff , log g, and [Fe/H] as observation constraints. In Equation 1, P (D |I ) is a normalization factor for the specific model probability as follows:
The uniform priors (Equation 2) can be canceled, and we obtain the simplified Equation 1 as follows:
Then Equation 5 is the probability distribution for the selected models with the most probable fundamental parameters. The uncertainties of the parameters are obtained by constructing the marginal distribution for each parameter. The median value of each parameter is given with a probability P = 0.5 in Equation 5. We adopt a 1σ error for all the fundamental parameters, which means the low value of the parameter is with P = 0.16, the high value is with P = 0.84. Most of the stars have estimated age errors smaller than 1.0 Gyr. 10 out of 70 stars that are zero-age main-sequence (ZAMS) stars or close to ZAMS stars have age uncertainties larger than 2.0 Gyr. Table 3 lists the fundamental parameters estimated by the CO extreme mix models for all the sample stars.
Comparison with Y 2 results
To detect the influence of oxygen and carbon in stellar models and compare the CO extreme mix models with traditional α-enhanced models, we chose Y 2 isochrones, which are also based on the YREC code and include diffusion, to estimate stellar parameters with observation constraints from Nissen et al. (2014) . The Y 2 isochrones include helium diffusion (Thoul et al. 1994 ) and convective core overshooting. The mixing-length parameter is 1.7431. The initial helium abundance is Y = 0.23 + 2.0Z. The OPAL equation of state is adopted. The solar mixture used is from Grevesse & Noels (1993) . The α-enhanced pattern is similar to that of VandenBerg et al. (2000) , with O and α-elements enhanced by the same factor. The opacity tables are OPAL high-temperature opacities, and the low-temperature opacities are adopted from Alexander & Ferguson (1994) . We construct isochrones with the exact observed [α/Fe] and [Fe/H] range. We then use the Bayesian method to estimate the fundamental parameters. Y 2 estimated ages and masses for all the sample stars are presented in Table 3 .
The systematic deviation between the two systems comes from input physics, for example, with or without overshooting, the different treatment of the diffusion, the initial helium abundance Y , mixing-length parameter, and metal mixtures used in the models. The age differences between CO extreme mix results and Y 2 results for all the sample stars are shown in Figure 2 . From this figure, we note that the age differences increase slightly when [O/Fe], [C/Fe] and [α/Fe] are increased. Thus, the age differences between two systems might come from different metal mixtures. The α-enhanced models treat oxygen to be enhanced by the same factor as α-elements, because an observed O abundance is not always available. Moreover, the enhancement of C is not considered. Hence, traditional α-enhanced models might be inadequate for the stars with highly enhanced or decreased O or C abundances. For stars with extremely high O and C abundances, traditional α-enhanced mixtures would give a lower estimate for Z and would determine a higher stellar mass, which means that they might overestimate the stellar ages.
AGES OF DWARFS IN THE THREE POPULATIONS
Age distribution
The age distribution profiles of the three populations are shown in Figure 3 . The age distribution profiles indicate that most of the halo stars are older than 8 Gyr, which agrees with the knowledge that the Galaxy halo was assembled very early. The high-α halo stars are condensed in the range of 11 -13 Gyr, the low-α halo stars are focused at around 8 -11 Gyr, and the thick-disk stars are located at about 9 -14 Gyr. As a result, the mean age of the high-α halo population is older by about 2 ∼ 3 Gyr than that of the low-α halo stars; the thick-disk stars have medium ages. Our results present the same relative age of the two halo populations as reported by Schuster et al. (2012) , and we confirm their prediction about the ages of the thick-disk stars. We perform a nonparametric kernel density estimator of the age distribution to define the peak value of the age distribution. The difference in the peak of the age distribution between high-α halo and low-α halo stars is about 2 Gyr.
The high-and low-α halo stars have different age distribution profiles. The age range of the high-α halo is relatively narrow. The low-α halo stars are younger, and many sample stars divert from the center age. The age distribution characters of the two halo populations fit their observed chemistry behaviors. The C and O abundances of the high-α halo stars have smaller star-to-star scatter than the abundances of low-α halo stars. Thus high-α halo stars have age values more concentrated than those of low-α halo stars. These features also reflect the formation and evolution process of the two halo populations. The high-α halo stars were possibly formed in an environment where SNe II dominated the chemical composition of the interstellar medium; their formation timescales are relatively short. The low-α halo stars were probably born in accreted gas mixed with different outside galaxies; their ages are dispersed in a wide range. The age distribution profiles of the two halo populations seem to fit the in situ accretion models of Zolotov et al. (2009 Zolotov et al. ( , 2010 .
The disk stars have the flattest age distribution profile and show little scatter. This might indicate that these stars were formed in a very gentle process. From chemical compositions, we could not distinguish the high-α halo and thick-disk stars. It seems that they were born in a similar environment, where massive stars that explode as SNe II dominate the interstellar medium. However, from the width of the age distribution profiles, we could say that the thick-disk stars may have a relatively longer star formation process. Based on this, we could draw a picture that the ancient in-situ halo was formed during the collapse, which was a relatively severe process. After this, the thick-disk stars started to be constructed in a relatively quiescent and long-lasting process.
Age-chemistry ([O/Fe], [C/Fe], and [Fe/H])
We delete samples with large estimation age errors (σ > 2.0 Gyr), since most of them depart from the behaviors of the majority samples. According to the Universe age and the ages of the most ancient halo stars (e.g., Bennett et al. 2013; VandenBerg et al. 2014) , we select stars with age < 15.0 Gyr and exclude the very young samples from the chemistry analysis. Figure 4 shows We also describe the age -metallicity relation for the three populations in Figure 5 . The halo stars are divided into two populations, i.e., the young low-α halo and the old high-α halo. According to the mean age and median age of the two populations, the age difference would be 1.0 Gyr at the metal-poor edge. The ages of high-α halo and thick-disk stars decline with increasing metallicity and have larger scatter in the metal-poor edge. This behavior is probably due to the observation properties of O and C abundances of the stars: that O and C abundances are dispersed more widely at the metal-poor edge. ). However, our results and many works have confirmed that it is a very young star with rotation and strong activity (e.g., Barnes 2007; Schröder et al. 2013; Sitnova et al. 2015) . Moreover, Carney et al. (2001) regarded it as a single-lined spectroscopic binary, which means that it has a very dim or far away companion object. We could guess that most materials of the companion object have been accreted by HD 106516. This companion star may present a high-α chemical composition and influence the atmosphere of HD 106516. Furthermore, because of the accretion, the dynamics of HD 106516 have been heated, which cause it to resemble a thick-disk star.
HD 65907 We also obtained twelve stars that are much older than the age of the Universe (t > 15 Gyr). Among these stars, CD-610282, G05-19, G53-41, HD 193901 were determined with ages in the range of 12 -15 Gyr by Schuster et al. (2012) with Y 2 isochrones, but our results give age values in the range of 15.5 -22.5 Gyr obtained with CO extreme mix models, and 15.0 -22.0 Gyr by Y 2 isochrones. Using observation parameters from Schuster et al. (2012) and Y 2 isochrones, we obtain the age values of 11.0 -15.0 Gyr for these stars. Thus the age differences between our results and those by Schuster et al. (2012) mainly come from different observation properties, i.e., T eff , log g, and [Fe/H]. It seems that there were more particular old stars in the low-α halo population than in the other two populations (two thick-disk stars, three high-α halo stars, seven low-α halo stars). Maybe because low-α halo stars are formed in the materials accreted from ancient dwarf galaxies or globular clusters, it is easier to find very old samples in the low-α halo population. The origin of the extremely old stars from our sample is still not clear, but these stars need further studies. With more observation constraints, the ages of these stars might be measured more accurately and may be candidates for clocks of the universe.
CONCLUSIONS
We obtained more accurate and self-consistent stellar ages for the 70 metal-poor dwarf stars, including C and O abundances in stellar models. The age distribution profiles show that the high-α halo population is somewhat older than the low-α halo population by around 2.0 Gyr. The thick-disk population has an age range in between the highand low-α halo populations. The two halo populations match the in situ accretion halo models. The thick-disk stars share a similar chemistry with the high-α halo population, but have a flatter age distribution profile, which means that these thick-disk stars may be born in a relatively stable environment with a long formation time scale.
The We found two very young thick-disk stars as well as some stars older than the universe. The peculiar ages of these samples led us to investigate the populations of these stars with more caution. 
A.1. Constructing Metal mixtures
We fix the abundance of Fe and increase or decrease carbon, oxygen, and α-elements to construct metal mixtures. We add the enhancement factors to the solar log N values. With newly constructed log N , we could calculate the number fraction and the mass fraction for each element, and to construct opacity tables for the stellar models. The chemical composition in stellar models is identical to the metal mixture used in opacity tables. Table A1 . From the number fraction and mass fraction we find that C and O take larger part than the α-elements, either in a scaled-solar metal-mixture or in the CO extreme mix. The high-α metal mixtures and low-α metal mixtures are presented in Table A2 Table A4 .
From the information in Table A4 we know that with similar C and O but different α-enhancement, the overall number fraction and mass fraction are slightly modified. The main parts of the metal mixture, i.e., the C, N, and O abundances, are not obviously different. We present the relationship between [Fe/H] and Z in the different metal mixtures in Table A5 and notice that with similar C and O, the difference of the Z values from different α-enhancements is very small for the metal-poor stars.
The observation constraints and the modeling results are presented in Table A6 . The differences of the estimated ages are typically < 0.5 Gyr, which is much smaller than the estimation error, but for HD 219617 the difference would be 1.3 Gyr, which is near to the estimation uncertainty. From all the comparison results we can say that C and O are the main factors that influence the stellar models, especially for metal-poor stars. Thus we make an approximation of [α/Fe] = 0.1 for all the low-α halo stars. 
